INTRODUCTION
Monocytes are a heterogeneous population of blood phagocytic leucocytes that differentiate in the bone marrow. Inflammatory signals, such as chemokines, promote leucocyte diapedesis into damaged and infected tissues in order to recruit neutrophils within a few hours and ''inflammatory'' lymphocyte antigen 6c (Ly6C) + monocytes 1 day later, herein initiating a cellular immune response (Auffray et al., 2009b; Serbina et al., 2008) . Ly6C + monocytes exit the bone marrow and extravasate into peripheral inflamed tissues, partly in response to chemokines that signal via C-C chemokine receptor type 2 (CCR2) (Serbina and Pamer, 2006; Tsou et al., 2007) . They differentiate into inflammatory macrophages and dendritic cells (DCs) that produce tumor necrosis factor (TNF), inducible nitric oxide synthase, and reactive oxygen species in response to bacterial and parasitic infection (Narni-Mancinelli et al., 2011; Robben et al., 2005; Serbina and Pamer, 2006; Serbina et al., 2003b) and can stimulate naive T cells (Geissmann et al., 2003; Serbina et al., 2003a) . Ly6C + monocytes are also directly recruited to draining lymph nodes via the high endothelial venules (Palframan et al., 2001) . They can produce type 1 interferons in response to viruses via a tolllike receptor 2-dependent pathway (Barbalat et al., 2009) . It is also believed that Ly6C + monocytes play a role in chronic inflammation, such as the formation of the atherosclerotic plaque, because Ccr2-deficient mice on low density lipoprotein receptor-or apolipoprotein E-deficient backgrounds and a highfat diet have decreased atherosclerosis (Boring et al., 1998; Dawson et al., 1999) . A second population of blood major histocompatability complex (MHC) class II negative myeloid cells, which lack the Ly6C antigen (and, thus, are termed Ly6C low or Gr1 low monocytes), represents a distinct monocyte subset. They develop normally in Rag 2 À/À Il2rg À/À mice, which lack lymphoid cells (Auffray et al., 2007) . They are characterized by high expression of the C-X3-C chemokine receptor 1 (CX3CR1) and require the transcription factor Nr4a1 for their development from proliferating bone marrow precursors (Geissmann et al., 2003; Hanna et al., 2011) . They crawl along the endothelium of blood vessels in a steady state, express a full set of Fcg receptors, and mediate IgG-dependent effector functions in mice (Auffray et al., 2007;  362 Cell 153, 362-375, April 11, 2013 ª2013 Elsevier Inc.
Open access under CC BY license. Biburger et al., 2011; Sumagin et al., 2010) . These Ly6C low ''patrolling'' monocytes do not appear to share the functional properties of Ly6C + monocytes. They do not differentiate into inflammatory macrophages or DCs following Listeria infection, and their extravasation is a rare event in comparison to Ly6C + monocytes (Auffray et al., 2007) . Ly6C low monocytes were suggested to contribute to tissue repair in the myocardium (Nahrendorf et al., 2007) , and, in contrast to Ccr2-deficient mice, Nr4a1-deficient mice showed increased atherosclerosis (Hamers et al., 2012; Hanna et al., 2012) . Thus, initial data suggested that Ly6-C low monocytes may represent an ''anti-inflammatory'' subset. However, this hypothesis failed to explain a large number of observations. For example, limiting the recruitment of Ly6C low monocytes after traumatic spinal cord injury was proposed to contribute decreasing inflammation in this model (Donnelly et al., 2011) . Several studies on mouse models of lupus nephritis also suggested a proinflammatory role of Ly6C low monocytes, in part via their activation by immune complexes containing nucleic acids (Amano et al., 2005; Santiago-Raber et al., 2009 (Auffray et al., 2007; Hanna et al., 2011; Li et al., 2012; Sumagin et al., 2010; Devi et al., 2013) . Crawling CD11b + CX3CR1 high monocytes are also present in the vascular network that ramifies around renal tubules in the kidney cortex (Figures 1A and 1B; Movie S1 available online). Analysis of monocyte tethering and adhesion in vivo indicated that crawling Ly6C low monocytes are in constant exchange between the bloodstream and the endothelium, having an average dwell time of 9 min in the kidney microvasculature ( Figure 1C ; Movies S2 and S3; also see Figure 3 ). Intravital imaging combined with intravenous (i.v.) immunolabeling of monocytes confirmed that all monocytes that crawled on the endothelium in a steady state expressed CD11b and CX3CR1 and lacked detectable Ly6C staining (Figure 1D ; Movies S2, S4, and S5). To investigate the extent of the association of monocytes with the endothelium of the microvasculature in a steady state, we compared the number of monocytes per ml volume in the peripheral blood, the vasculature of the mesentery, and the capillaries of the dermis (ear) and kidney cortex. The number of crawling of Ly6C low CD11b + CX3CR1 high monocytes/ml was at least one order of magnitude higher in the dermal and kidney cortex capillaries (10 3 to 10 4 monocytes/ml) than the number of Ly6C low CD11b + CX3CR1 high monocytes in the peripheral blood (10 2 monocytes/ml) (Figure 1A) . Antibody blockade of aL integrin (CD11a) detached monocytes from the vessel wall in vivo (Auffray et al., 2007) , which resulted in a 50% increase in the proportion of circulating Ly6C low over control monocytes ( Figure S1 ), suggesting that the number of cells adherent at any time represent one-third of the total Ly6C low pool that circulate in the peripheral blood. and S6). These filopodia or ''dendrites'' were also observed on human CD14 dim monocytes spreading in vitro and stained positively for LFA1 and filamentous actin ( Figure S1 ). Crawling monocytes scavenged 0.2 mm and 2 mm beads that attach to the capillary endothelium in the kidney cortex following i. (Auffray et al., 2007) , monocyte attachment to the endothelium was reduced to 1% of wild-type (WT) in Itgal À/À mice, whereas monocyte subsets were normally present in the peripheral blood (Figures 2A and 2B ). Track analysis of intravital imaging experiments ( Figure 2B ; attached to the endothelium passively followed the blood flow ( Figure 2B ). LFA1 (aLb2 integrin) accepts several ligands, including ICAM1, ICAM2, ICAM3, and JAM-A (de Fougerolles et al., 1993; Marlin and Springer, 1987; Ostermann et al., 2002; Staunton et al., 1989) . Crawling monocytes were still present in Icam1 À/À mice, though they were reduced by 50%, and were normally present in Icam2 À/À mice ( Figure 2C ). However, monocyte attachment to the endothelium was reduced to 2% of control in Icam1/2 À/À double mutant mice, and the remaining adherent monocytes passively followed the blood flow, a phenocopy of the Itgal À/À mutant ( Figure 2C ). Thus, LFA1 and its ligand ICAM1-or ICAM2 in ICAM1-deficient mice-mediate adhesion and crawling of Ly6C low monocytes to the endothelium. Chemokine receptor Ccr2 deficiency decreased by half the number of circulating Ly6C + monocytes (Serbina and Pamer, 2006) , which are proposed to represent a precursor for Ly6C low monocytes (Varol et al., 2007) . In the absence of Ccr2, Ly6C + monocytes were decreased by $50%, as described, but the numbers of Ly6C low monocytes in the bloodstream and crawling on the endothelium were unaffected in comparison to control monocytes (Figures 2D and 2E) . Cx3cr1 deficiency was reported to moderately decrease the numbers of circulating and crawling Ly6C low monocytes (Auffray et al., 2007; Auffray et al., 2009a; Landsman et al., 2009 ). Cx3cr1-deficient crawling monocytes displayed a normal patrolling motility and filopodia formation in vivo ( Figure 2F ), despite their number being reduced. Therefore, monocyte crawling on the endothelium does not require Cx3cr1 or Ccr2. To test whether another chemokine, or a combination of chemokines, may be responsible for LFA1 activation and binding to ICAM1 and/or ICAM2, we performed intravital imaging experiments in mice after i.v. injection of pertussis toxin (PT), a potent inhibitor of Ga i signaling. PT treatment (up to 100 mg/mouse) did not affect the adhesion and crawling of monocytes on the endothelium ( Figure 2G ). Thus, it is unlikely that PT-sensitive chemokine receptor signaling controls the adhesion of Ly6C low monocytes to the endothelium in a steady state. A positive control for the effect of PT is shown in Figure 4 .
The transcription factor Nr4a1 is important for the development of Ly6C low monocytes from their bone marrow precursors in mice; circulating and crawling Ly6C low monocytes being reduced by 90% in Nr4a1-deficient mice (Hanna et al., 2011 2I ). The remaining 5%-10% of Ly6C low CD11b + cells in the blood have a distinct phenotype in addition to being Nr4a1 independent; they express I-A and intermediate levels of CX3CR1 and may represent a previously unrecognized subset of blood myeloid cells independent of both Ccr2 and Nr4a1 (Figure 2J , also see Figure S1 ), which will not be discussed further in this report.
Patrolling Monocytes Are Retained within Kidney Capillaries in TLR7-Mediated Inflammation Thus, Nr4a1-dependent monocytes scavenge the lumenal side of the endothelium in a steady state via a process that requires LFA1 with ICAM1 or ICAM2 interaction but not chemokinereceptor signaling. To evaluate the response of the patrolling monocytes to TLR-mediated signal in vivo, we painted the kidney capsule of Cx3cr1 gfp/+ mice with R848 (Resiquimod, a selective ligand for TLR7 in mouse), Lipopolysaccharide (LPS), or PBS as a control ( Figure S2 ). After R848 painting, the tracks of crawling monocytes inside capillaries increased in length, and their velocity decreased slightly (Figures 3A and 3B; Movie S8). The duration of their attachment to the endothelium, or dwell time, increased 2-to 3-fold ( Figure 3C ). This resulted in a rapid, sustained, time-and TLR7-dependent increase in their number within the peritubular capillaries, which was very significantly different from the slight increase observed 3 hr after PBS painting (the latter possibly being due to phototoxicity) ( Figure 3D Figures 3A-3D ), although steadystate crawling itself was TLR7-independent (Figures 3A-3D ; Movie S8), and because there was no significant monocyte retention in kidney capillaries after i.v. injection of R848 (Figure 3D ). In addition, LPS painting did not increase the number of crawling monocytes, in comparison to PBS control (R848-positive control is also shown for clarity; Figure 3D ). I.v. injection of labeled antibodies against CD11b 4.5 hr after R848 painting indicated that crawling GFP + CD11b + cells were located inside capillaries ( Figure 3E ; Movie S9). Moreover, the increase in GFP + cells during the 4.5 hr of the experiment could be wholly accounted for by CD11b-labeled cells, indicating that the crawling monocytes had remained within the vascular lumen ( Figure 3F ). Also see Figure S1 and Movies S1-S7. 4B ). TLR7 is expressed ubiquitously, including in endothelial cells (Gunzer et al., 2005) . After painting with R848, quantitative PCR (qPCR) analysis indicated that the expression of Also see Figure S2 and Movies S8 and S9.
(D and E) Circulating and crawling monocyte subsets and PMNs in Ccr2 +/+ and Ccr2 À/À mice. *, p % 0.05; mean ± SEM; n = 3 mice per genotype. Also see Figure S1 and Movie S4.
fractalkine (CX3CL1) in the kidney cortex is rapidly upregulated in a TLR7-dependent manner and independently of leucocyte adhesion ( Figure 4C ). I.v. injection of PT inhibited, in a dosedependent manner, the increase in track length and displacement in response to R848 painting and the resulting accumulation of monocytes inside kidney capillaries ( Figures 4A, 4B , and 4D). Thus, fractalkine was upregulated in the kidney, and Ga i chemokine-receptor signaling was required to retain monocytes in the capillaries by preventing their detachment from the endothelium. One obvious candidate to mediate this effect was the fractalkine receptor CX3CR1. Indeed, Cx 3 cr1 deficiency prevented monocyte retention inside kidney capillaries in response to R848 (Figures 4A-4D) . In a steady state, crawling monocytes are present, though they are less abundant in the vasculature of Cx 3 cr1 À/À mice (Auffray et al., 2007) (Figures 4D ). In addition, Mac1 (aMb2 integrin) blockade with neutralizing antibodies, which does not affect ''steady-state'' crawling behavior (Auffray et al., 2007) (Figure 4D ), also prevented the accumulation of monocytes inside kidney capillaries ( Figure 4D ). Therefore, although Ga i signaling is dispensable for monocyte adhesion in Figure 3D for the stated genotypes and conditions. Right, mice received control or blocking anti-CD11b Ab i.v. injection immediately prior to the experiment. *, p % 0.05; mean ± SEM; n = 3-5 mice per condition. (E) Intravital imaging of peritubular capillaries in Cx3cr1 +/gfp mice 5 hr after R848 painting and immediately after i.v. injection of 10 mg Gr1-APC or Ly6G-PE antibodies. Mean ± SEM, n = 4 mice per condition. Also see Figure S3 and Movie S10.
a steady state, it is required in response to R848 in order to prevent the detachment of crawling monocytes and promote their intravascular retention, at least in part via fractalkine and CX3CR1 and aM integrin.
Intravascular Retention of Monocytes Is CCR2 Independent and Causes Neutrophil Recruitment
Although we did not reproducibly detect crawling granulocytes in the kidney capillaries of WT mice in a steady state by intravital microscopy or TEM, the above experiments documented Figure 4G . The thick scale represents 5 mm, the thin scale represents 1 mm. Initial magnification was 15,0003. Also see Figure S3 . 4F ; Movie S10). TEM analysis of the kidney cortex of mice 5 hr after painting with R848 confirmed the recruitment of both monocytic cells and granulocytes in the vasculature ( Figure 4G ). Monocytes and neutrophils were attached to the endothelium of peritubular and glomerular capillaries (Figures 5 and S3 ). However, we did not observe any example of monocyte or neutrophil diapedesis or the presence of neutrophils outside the capillaries. These results are consistent with data obtained by intravital microscopy. They also indicated that leucocytes were retained not only in peritubular but also in glomerular capillaries ( Figure S3 ). Mice were not submitted to intravital microscopy in these TEM experiments; thus, leucocyte recruitment was independent from laser damage. Similar observations were made in Ccr2-deficient mice ( Figure 4G ), indicating that CCR2 is largely dispensable for the retention of crawling monocytes and the recruitment of neutrophils. However, both monocyte and neutrophil recruitment were severely decreased in Itgal-, Cx3cr1-, and Nr4a1-deficient mice ( Figure 4G ). Given that neutrophils do not express CX3CR1 and are present in normal numbers in Nr4a1-deficient mice, these data provided genetic evidence suggesting that monocytes recruit neutrophils after their retention in the microvasculature of the kidney.
Intravascular Monocytes Orchestrate the Rapid Necrosis and Disposal of Endothelial Cells
TEM indicated that the endothelium of the tubular capillaries was undergoing severe focal damage at sites where monocytes, and neutrophils were retained after TLR7 stimulation. Endothelium thickness was increased (Figures 5 and 6A) , and endothelial cells were markedly swollen with rarefaction of the cytoplasm, blebbing from the plasma membrane of cytoplasmic fragments, loss of plasma membrane integrity, and release of cellular debris and damaged organelles, such as mitochondria, whereas the 6B ). In addition, extracellular fluids accumulated in the subendothelial space, separating the endothelial cells from the basal lamina ( Figure 6B ). In some cases, endothelial cells were detached from the basal lamina and a monocyte was seen in contact with the basal lamina ( Figures 6B and S3 ). Endothelial cell damage was limited to cells adjacent to a monocyte or a neutrophil, and the basal lamina was always preserved ( Figure 5A ). Monocytes adjacent to the damaged endothelial cells could be observed phagocytosing cellular debris and organelles such as altered mitochondria (Figures 5A and S3 ). These features corresponded to a ''textbook'' description of necrosis and also suggested a safe disposal of the endothelial cells debris and organelles by monocytes. Similar features were observed in Ccr2-deficient mice ( Figures 5B, 6A , and 6B). In contrast, endothelial damage was absent in Itgal-, Cx3cr1-, and Nr4a1-deficient mice after kidney painting with either PBS or R848 ( Figures 5C, 6A , and 6B). Therefore, focal necrosis of endothelial cells and phagocytosis of cellular debris required the presence of leucocytes on the endothelium and was Cx3cr1-and Nr4a1-dependent but largely Ccr2-independent. Altogether, these data indicated that patrolling Nr4a1-dependent monocytes orchestrate and are required for endothelial cell death and scavenge the resulting cellular debris in situ.
The Kidney Endothelium Retains Monocytes, which, In Turn, Recruit Neutrophils that Kill Endothelial Cells
We investigated the signals responsible for monocyte and neutrophil recruitment by TEM and intravital analysis of TLR7-deficient bone marrow chimeric mice ( Figure 6C ). Expression of TLR7 on the host, but not on monocytes, was required for their recruitment in the kidney vasculature ( Figures 6D and 6E ). This indicated that the kidney endothelium recruits monocytes in response to a nucleic acid signal sensed via TLR7, consistent with fractalkine induction by R848 and fractalkine-and CX3CR1-dependent recruitment of monocytes (see Figure 4) . However, the efficient recruitment of neutrophils required TLR7 expression on both the host and bone-marrow-derived cells ( Figures 6D and 6E ). Expression of TLR7 by the kidney and the retention of TLR7-deficient monocytes by the endothelium were not sufficient to recruit neutrophils. These data characterize a sequence of events and the successive requirement of TLR7 on the kidney for the accumulation of monocytes on the endothelium and on hematopoietic cells for the recruitment of neutrophils. Endothelial cell necrosis was reduced to background levels in Tlr7 host+/+BMÀ/À despite the presence of monocytes ( Figure 7A ), suggesting either that monocytes require TLR7 to kill endothelial cells or that neutrophils are responsible for endothelial necrosis. Therefore, we selectively depleted neutrophils (by 90%) but not monocytes by intraperitoneal injection of an antibody against Ly6G 1A8 8 hr before R848 painting ( Figure 7B ). Neutrophil depletion from the periphery resulted in the severe reduction of neutrophils in the kidney, whereas monocytes were still retained ( Figure 7C ), and mostly abolished endothelial necrosis ( Figures  7D and 7E) . Therefore, the endothelium recruits monocytes, monocytes recruit neutrophils, and the neutrophils are, in turn, required for endothelial killing.
Consistent with a role of monocytes in recruiting neutrophils in a TLR7-dependent manner, fluorescence-activated cell sorting (FACS)-sorted Ly6C low monocytes displayed a strong MEKdependent proinflammatory chemokine and cytokine response to R848 in vitro, characterized by the production of the chemokine KC (C-X-C chemokine ligand 1; CXCL1), known to contribute to neutrophil recruitment, as well as several other proinflammatory mediators such as interleukin 1b (IL-1b) , TNF, C-C cheomokine ligand 3 (CCL3; macrophage inflammatory protein 1a), and interleukin 6 (IL-6) ( Figure 7F ). Notably, this response appears to be relatively specific, or at least preferential, for TLR7, given that Ly6C low monocytes responded very poorly to LPS stimulation both in vitro and in vivo ( Figure S2 ), which is in contrast to Ly6C + monocytes ( Figure 7F ) and consistent with data in humans (Cros et al., 2010) .
DISCUSSION

A Multistep Process Controls Intravascular Scavenging of the Endothelium and Removal of Endothelial Cells
Our data indicate that intravascular patrolling, mediated by LFA1-ICAM1 interactions and independent of chemokine signaling, represents the first step of monocyte surveillance of the endothelium from its lumenal side. TLR7-dependent sensing of a ''danger'' signal by the kidney cortex then triggers the expression of fractalkine and intravascular retention of Ly6C low monocytes by the endothelium. This process is Gai-dependent and requires the fractalkine receptor CX3CR1 expressed by Ly6C low monocytes and the aMb2 integrin Mac1 ( Figure 7G ).
The subsequent recruitment of neutrophils requires the prior retention of Ly6C low monocytes and the expression of TLR7 by hematopoietic cells. Altogether, our data suggest that the activation of intravascular monocytes via TLR7 in prolonged contact with the endothelium is the mechanism that recruits neutrophils via the production of KC or other proinflammatory mediators. In the last steps, neutrophils, in turn, mediate the focal necrosis of the endothelial cells, and monocytes scavenge cellular debris, all from within the capillary lumen. Phagocytosis of cellular debris suggests the safe disposal of endothelial cells at the site of necrosis. Therefore, Lyc6C low monocytes behave as ''housekeepers'' of the vasculature.
Earlier observations that Ly6C low monocytes crawl on endothelia (Auffray et al., 2007; Hanna et al., 2011; Li et al., 2012; Sumagin et al., 2010) and do not contribute to the pool of inflammatory monocytes that extravasate to give inflammatory macrophages and DCs in response to listeria infection in vivo (Auffray et al., 2007; Geissmann et al., 2003; Serbina et al., 2003b) are consistent with their intravascular function. Their MEK-dependent preferential response to TLR7 agonists is reminiscent of our earlier observation that CD14 dim human monocytes selectively respond to viruses and nucleic acids via a TLR7-8 MEK pathway (Cros et al., 2010) and further suggests that Ly6C low and CD14 dim monocytes share a common function in mice and humans, respectively.
Neutrophils damage endothelial cells when activated (Villanueva et al., 2011; Westlin and Gimbrone, 1993) . There has been recent recognition that apoptosis was not the only mechanism underlying programmed or regulated cell death and that (legend continued on next page) necrotic cell death can occur in vivo (Edinger and Thompson, 2004; Galluzzi and Kroemer, 2008; Green, 2011; Kroemer et al., 2009) . Indeed, our data demonstrate that neutrophils can mediate endothelial cell death by necrosis in vivo. Activated neutrophils produce a variety of soluble and membrane-bound mediators that can contribute to necrosis, and additional investigation should explore the exact mechanisms responsible for neutrophil-mediated necrosis of endothelial cells.
Possible Relevance to Vascular Inflammation and Tissue Damage
The several steps that allow Ly6C low monocytes to orchestrate endothelial cell death indicate a tight control of endothelial cell necrosis, which may be useful in avoiding excessive damage. However, as outlined above, it is easy to conceive that this process might become detrimental, particularly if the danger signal persists in situations such as atherosclerosis or systemic lupus erythematosus (SLE). For example, TLR7 is involved in several steps of the pathogenesis of SLE (Barrat et al., 2007; Deane et al., 2007; Vollmer et al., 2005) , and subendothelial deposits of nucleic acids in immune complexes are a feature of a proportion of SLE patients (Hill et al., 2001; Hill et al., 2000) . Activation of Ly6C low monocytes and their human equivalent was reported in murine models of SLE and human patients (Amano et al., 2005; Nakatani et al., 2010; Santiago-Raber et al., 2009; Cros et al., 2010; Yoshimoto et al., 2007) , and CX3CR1 blockade was proposed to reduce monocyte recruitment to the kidney and inflammation (Inoue et al., 2005; Nakatani et al., 2010) . Collectively, this literature raises the possibility that, although Ly6C low monocytes would be expected to protect the endothelium, they could also paradoxically contribute to vascular and tissue damage in genetically susceptible individuals.
Revising the Leucocyte Diapedesis Model
Extravasation of leucocytes into inflamed tissues by the means of chemotaxis is a hallmark of inflammation, and it is unclear why monocytes and neutrophils did not extravasate in response to the local TLR7-mediated signal. It is possible that additional signals are needed. However, the accumulation of crawling leucocytes inside blood vessels may not always lead to extravasation (Geissmann et al., 2005; Devi et al., 2013) . Metchnikoff (1893)'s description of diapedesis 120 years ago in his ninth lecture on the comparative pathology of inflammation insisted that the accumulation and ameboid locomotion of leucocytes inside blood vessels was not always followed by extravasation. Intravascular leucocytes retained both ameboid motility and chemotaxis, and Metchnikoff (1893) proposed that they sensed and obeyed signals from the inflamed tissues to stay inside blood vessels, a process called ''negative chemotactism.'' Whether nucleic acids represent such a negative chemotactic factor in vivo is an interesting hypothesis that would have practical implications. The ''choice'' between extravasation and intravascular ''retention'' may also correspond to distinct properties of different leucocyte cell types. It is clear from the present study that the Ly6C low subset of monocytes specializes in surveying the endothelium. Therefore, we suggest that interactions between leucocyte and endothelium may be best described by a revised model that takes into account subsetspecific functions, time, and the response to individual stress signals, as opposed to the leucocyte extravasation model alone.
EXPERIMENTAL PROCEDURES Mice
Mouse strains are described in Extended Experimental Procedures.
Antibodies and Reagents
Antibody clones and reagent manufacturers are described in Extended Experimental Procedures.
Intravital Microscopy and Image Analysis of the Ear, Mesentery, and Kidney Intravital confocal microscopy of monocytes in the ear and mesentery was performed as previously described (Auffray et al., 2007) with LSM510 Zeiss and SP5 Leica inverted microscopes. For intravital imaging of the kidney, we induced anaesthesia with a combination of ketamine, xylazine, and acepromazine, and the kidney was surgically exposed without removing the renal capsule or interrupting the blood flow and placed against a coverslip. Anesthesia was maintained by the inhalation of isoflurane in oxygen, and the animal was imaged for up to 5 hr (see Extended Experimental Procedures). Cells in blood vessels were tracked and analyzed as described in Extended Experimental Procedures.
Transmission Electron Microscopy
The full methods for TEM are described in Extended Experimental Procedures. In brief, kidneys were prepared as for intravital imaging but not illuminated. Instead, after 5 hr, the animal was euthanized and the kidney tissue was fixed in 2.5% gluteraldehyde overnight at 4 C. Samples were processed and sectioned to reveal superficial peritubular capillaries and glomeruli. Mononuclear and polymorhonuclear cells were counted for each grid square imaged. Endothelial thickness was measured from the outer edge of the nearest basal lamina to the lumen of the vessel to the outer edge of the lumenal side of the endothelial cell. We were careful to measure equivalent areas in all vessels. Oncocytic endothelial cells and the related features of subendothelial swelling, basal membrane exposure, mitochondrial abnormality, and phagocytosis were quantified and normalized per image and leukocyte.
Statistical Tests
In the figures, the asterisk represents p % 0.05 in an unpaired Student's t test. Otherwise, p values from unpaired Student's t test are indicated.
Flow Cytometry
Flow cytometry was performed as described in Extended Experimental Procedures.
Multiplexed ELISA for In Vitro Cytokine Production Multiplexed ELISA for in vitro cytokine production was performed as described in Extended Experimental Procedures.
(F) Proinflammatory cytokine production in vitro by sorted Ly6C low and Ly6C + monocytes after 24 hr stimulation with medium alone or R848 (top) in the absence or presence of a MEK inhibitor (PD) or for medium alone or LPS (bottom) in the absence or presence of the MEK inhibitor (PD) (bottom). Multiplexed ELISA, n = 3 mice per condition.
(G) Schematic representation of the molecular and cellular features of the interaction of Ly6C low monocytes with the endothelium in a steady state and TLR7-mediated endothelial ''safe disposal.'' Also see Figure S3 . 
Animal Experiments
